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As  reported  in  an  earlier  publication  (1)  guinea  pigs  could  be  protected 
against  death  from  enteric  cholera  infection  by  active  immunization  with 
cholera O-vaccine. The present paper describes experiments testing protection 
after passive immunization by two different routes. These studies were carried 
out  to  investigate  whether  systemic  or  coproantibody  was  involved  in  the 
protective  mechanism.  This  report  is  also  concerned  with  the  antibacterial 
effect  of  Escherichia  coli  strain  25  rs  described  in  the  preceding  paper  (2). 
It will be  shown  that  the  antagonistic action  of  this  strain was  sufficient to 
confer a  significant degree of protection against fatal cholera in  guinea  pigs. 
Materials and Methods 
The  streptomycin-resistant strain of Escherichia coli (25  rs)  has been described  in the 
preceding paper (2). The resistant strain of Vibrio cholera, was the same as used previously 
in studies of experimental enteric cholera  infections  (I, 2). 
Antisera were prepared in rabbits by intravenous injection of the same Vibrio strain that 
was used for infection.  For the preparation of OH-antigens,  the growth from 24 hour agar 
cultures was suspended in saline and heated for 10 minutes at 56°C. without previous washing. 
Washed suspensions from  similar cultures,  boiled for 2 hours in a  round bottom flask over 
low heat,  were  employed as O-antigens.  H-antisera were  prepared  from  OH-antisera  by 
absorption with O-antigen until O-agglutination became negative in a  1:20 dilution. All sera 
were  stored at  --20°C.  without  any preservative. 
The method of infection was the same as described previously (1), except that the animals 
were fasted for 5 days instead of 4 in order to reduce the LDsc dose of vibrios and thus obtain 
a more sensitive system for testing protection. This procedure for infecting guinea pigs differed 
only in minor respects (e.g. fasting and administration of morphine)  from that for non-fatal 
cholera infections  described  previously (2).  However,  death occurred  only rarely in those 
experiments,  and then only after more than a week. The fatal cholera infection used in the 
present studies leads to the death of the majority of susceptible  animals within a period of 
18 to 24 hours. 
* This  investigation was  supported by contract Nonr  1582(01) between  the  Office of 
Naval Research,  Department of the Navy, and  Loyola University. 
Presented in part at the meeting of the Society of American  Bacteriologists,  Houston, 
May 2, 1956. 
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In case of oral passive immunization,  2 ml. antiserum was given 3 hours prior to infection, 
together with the usual dose of 250 mg. CaCO3 called for in the procedure  of infection  (I). 
In experiments  where passive immunization was by the intraperitoneal route, 2 ml. anti- 
serum was given 30 minutes after infection,  together with the morphine  sulfate which was 
routinely injected at that  time. Controls  in all experiments  received  2  ml.  normal rabbit 
serum by the same route as the immunized  animals.  Control  and immunized  animals of a 
given experiment  were always infected simultaneously  with the same graded inocula. Differ- 
ences in LDs0 doses of vibrios for immunized and control groups were taken as an indication 
of protection. 
~..XPERIMENTAL 
The  results of studies on protection are given in Table I. As can  be seen, 
oral  administration  of  O-  or OH-antiserum  (Experiments  I  to  4)  conferred 
as high a  degree of immunity as had been found previously for active immuni- 
zation  (1).  The  effect  of  oral  passive  immunization,  measured  as  the  fold 
difference between LDs0 doses for control and immunized animals, was found 
to be greatest at 24 hours after infection. For this reason all LDs0 values given 
in Table I  (except for Experiment  10)  refer to animals which had either died 
or survived at that time.  For reasons of convenience,  the numbers  of vibrios 
in the different inocula shown  in Table I  are given as the mean values from 
all experiments, and the LDs0 doses have been calculated on that basis. Inocula 
for  the  different experiments were  prepared  in an  identical manner  and  the 
actual numbers of vibrios did not differ by more than  a  factor of 3  from  the 
mean  figures shown.  The  fold increase in LD60  for immunized animals  is of 
course not affected by this way of presentation because control and immunized 
animals  in  any  given  experiment  were  infected  with  dilutions  of  the  same 
vibrio suspension. 
The data in Table I  indicate further  that antiserum given by the intraperi- 
toneal route had no demonstrable effect (Experiments 5  to 7).  This was  true 
at  any  time  after  infection until  the  end  of  the  experiments  (48  hours).  It 
should  be  noted  in  this  connection  that  the  antiserum used  in  Experiments 
3  and 7 was taken from the same pool of sera. 
The  lack of  protection after  passive immunization  by  the  intraperitoneal 
route observed in the above experiments made it necessary to study the rate 
of diffusion of antibody into  the circulation after intraperitoneal injection of 
antiserum. 
Two groups  of guinea pigs were studied. Group A consisted of animals which had been 
infected in the usual way. The guinea pigs in group B had received the same treatment as 
those in group A  except  that the vibrios had been omitted from the inocula.  All animals 
received an intraperitoneal injection of 2 ml. O-antiserum  (agglufinin  titer  1:5400).  Blood 
samples were collected by heart puncture at different times and the agglutinin titers of the 
sera were determined (Table II). 
The  data  indicate  a  rapid  diffusion  of  the  antibody  into  the  circulation. 
Serum agglutinin titers as high as those found in actively immunized animals ROLF ~FRETER  421 
(1:80; reference 1) were reached after 3  hours. Titers in infected animals were 
similar to  those  in  the  non-infected  group  indicating that  there  was  no  sig- 
nificant  neutralization  of  circulating  antibody  during  the  infection.  Normal 
TABLE I 
Protection  against Fatal Cholera* 
Passive  Reciprocal  Inocuinm~:  and deaths§  Fold  Experi-  immunization  agglutinin  LD60 U 
increase  ment  titer of  X  10-' 
No.  in LD60  Route [  Serum  serum  104  500  25  1.25  0.0625  0.003 
1  Oral  Normal  --  5/5  6/6  3/6  6/6  6/6  ~0.062 
Oral  Anti O  3200  6/6  5/6  3/6  0/6  0/6  39  >630 
2  Oral  Normal  --  5/6  6/6  4/5  3/6  2/6  2/5  0.51 
Oral  Anti OH  1000  2/4  4/6  1/5  0/6  2/6  0/4  160  310 
3  Oral  Normal  --  6/7  4/7  5/7  3/6  1/7  0/6  8.9 
Oral  Anti O  12800¶  3/6  2/7  1/6  2/7  2/8  0/7  670  75 
4  Oral  Normal  --  5/6  4/5  2/6  0/6  0/6  0/5  110 
Oral  Anti OH  6400  1/5  0/7  2/7  1/4  1/5  0/5  4000  36 
5  I.p.  Normal  --  6/6  6/6  6/7  3/5  4/6  3/7  0.030 
I.p.  Anti OH  6400  5/6  6/6  5/6  5/6  4/6  3/7  0.030  1.0 
6  I.p.  Normal  ~  5/7  7/7  6/7  5/7  6/7  1/7  0.048 
I.p.  Anti OH  1600  6/7  5/7  5/7  6/7  5/7  2/7  0.093  1.9 
7  I.p.  Normal  --  5/5  5/5  3/5  4/5  2/5  0/5  0.37 
I.p.  Anti O  12800¶  7/7  7/7  6/6  5/6  0/6  2/6  0.18  0.48 
8  Oral  Normal  --  4/5  4/6  3/6  3/7  3/6  0/6  6.3 
Oral  Anti H  1000  2/5  5/6  4/6  1/5  1/4  2/6  12  1.9 
9  Oral  Normal  --  6/8  5/7  3/6  I/6  0/6  1/7  57 
Oral  Anti H  1000  1/3  7/7  1/6  2/7  0/5  1/6  58  1.0 
10  [  V. choleraealone  ] 6/6  4/5  5/5  3/6  5/6  2/6  0.034 
V. choleraeplus 100 X  [ 5/6  4/6  3/7  0/6  2/6  1/5  36  1060 
10  e E. coli 
* At 24 hrs. after infection for Experiments 1 to 9, at 48 hours after infection for Experi- 
ment 10. 
:~ No. of viable cells (X  10  -e) of V. cholerae. 
§ 4/6 ----  4 animals out of 6 died of enteric cholera. 
[[ Reed and Muench (3). 
¶ Same pool of serum was used in Experiments 3 and 7. 
guinea pig serum in a  1:32 dilution was found to decrease the agglutinin titer 
of the original cholera antiserum by about 2  dilutions (4-fold). Consequently, 
the actual amounts of circulating antibody might have been even larger than 
the titers in Table II would indicate. 
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doses of H-antiserum.  Even  though  the H-titers of  the  sera employed were 
rather  low,  the  evidence  obtained  is  sufficient  to  indicate  that  H-antibody 
is at least far inferior in protective effect to O-antibody. 
Experiment  t0  (Table  I)  was  designed  to  test  whether  the  antibacterial 
effect of E.  coli  strain  25  rs  described previously (2)  would  be  sufficient  to 
protect guinea pigs against death from enteric cholera. 
Graded oral inocula of vibrios were given as usual to the control groups  of guinea pigs 
while the experimental  groups received the same graded iuncuia plus  a  constant oral dose 
of 1 ×  10  s cells per animal of the coli strain. 
As can be seen from the table, the presence of E. coli in the intestinal tract 
protected the animals to a  slightly higher degree than passive immunization. 
TABLE II 
Reciprocals of Agglutinin  Titers in tlm S~rum of Guinea Pigs after Intraperitoneal Injection o~ 
Cholera O-Antiserum 
Animals 
Infected 
Noninfected 
Titers 
Mean 
Lowest 
Highest 
n* 
Mean 
Lowest 
Highest 
n 
3 hrs, 
80 
64 
128 
6 
80 
16 
512 
6 
Time after injection 
7 hrs. 
245 
128 
320 
4 
165 
32 
512 
6 
14 hrs. 
384 
128 
512 
3 
384 
128 
512 
3 
* n, No. of animals tested. 
The degree of protection was highest at 48 hours after infection and the data 
in Table  I  refer to  this stage of the experiment.  At 24  hours after infection 
the protection had been 220 fold. 
Table III gives the results of an  experiment  designed to  test whether  the 
protective effect observed after oral passive immunization with  O-antiserum 
was due to an antibacterial action of the antibody. 
The animals used were those of Experiment 2 (Table I). Specimens of fluid were collected 
from the cecum of these animals, dead or surviving, 24 hours after infection and the number 
of vibrios present determined by surface plate count. Desexycholate  agar (Difco) containing 
1 reg./m1,  streptomycin was used  for plating in order to suppress  growth of any possible 
contaminants. Plating was completed  within 3 hours from  the time of collecting  the first 
specimen. 
The figures in Table III represent mean counts per ml. in the intestinal fluid. In order to 
speed up the technical operations no exact determination of the amount of fluid in different ~o~  F~rEa  423 
animals was made. These amounts varied from about 30 to 60 ml. per animal and the varia- 
tion was entirely random. Consequently, the variance of conversion factors for calculating 
total counts per animal from counts per ml. would have been smaller than that inherent in 
the method for counting bacteria. The mean counts per milliliter reflect therefore with sufli- 
dent accuracy the mean total number of vibrios present in animals of a  given group. 
As can be seen from Table III there was no consistent or significant differ- 
ence in the number of vibrios recovered from normal and immunized animals. 
This  result  was  the  same when  the  mean  counts  were  calculated  from sur- 
viving animals only, rather than from deaths and survivals combined as done 
in Table III. 
TABLE III 
Mean Nos.  (X  10  "-e) of Viable Vibrios per MI. Intestinal  Fluid Recovered  from Infected 
Guinea Pigs 
~um*  ..................... 
Normal animals 
Mean No. recovered... 
n$  ................... 
Immunized animals 
Mean No. recovered... 
n  ..................... 
10,000  500  25 
476  688  782 
6  6  5 
451  523  266 
4  6  5 
169 
6 
194 
6 
0.052__  0.003 
258  [  83.5 
6  f  5 
249  311 
6  4 
*  No. of  vibrios  X  10  -6. 
No. of  animals  tested. 
Another  experiment of this  type in  which  fecal counts were performed at 
14 hours after infection, i.e.  at a  time when only a  few deaths had occurred, 
gave identical results. 
Actively  immunized  guinea  pigs  were  also  studied.  These  animals  had 
received 6  intraperitoneal  injections of vibrio OH-antigen at 5  day intervals 
as  described  previously (1).  Infection with  graded  inocula  was  carried  out 
7 days after the last injection, and the intestinal fluids were collected 16 hours 
later.  The mean  numbers  of vibrios recovered from these  animals were  not 
lower than those of the normal control groups. 
DISCUSSION 
The experiments on passive immunization by the oral and intraperitoneal 
routes were designed  to obtain  a  maximal distinction  between  the  effects of 
circulating  (systemic)  and  fecal antibody.  Intraperitoneal  doses of antibody 
were therefore given shortly after  infection in order to delay as much as pos- 
sible any diffusion of serum antibody into the lumen of the intestine, a process 
which  has  been  described  by Burrows and  his  coworkers  (4).  However,  the 424  COPROANTIBODY  AND  BACTERIAL  ANTAGONISM  IN  CHOLERA 
time  of passive  intraperitoneal  immunization  was  sufficiently  early  to  give 
rise to considerable serum titers within a short time after infection (Table II). 
The protective effect of oral passive immunization might have been still more 
pronounced if the antiserum had been given together with the vibrios instead 
of 3 hours before infection.  However, the distribution of antibody in such a 
case would have been too' artificial  to simulate that of coproantibody and no 
valid  comparison  with  the  immune  mechanism  in  an  actively immunized 
animal would have been possible. 
The data presented indicate that antibody had a protective effect only when 
present  in  the lumen of the intestine.  Circulating  antibody appeared  to be 
completely unrelated to the enteric infection as evidenced by the fact that it 
was not noticeably neutralized in infected animals,  and by the failure of passive 
intraperitoneal immunization to protect. 
The  degree of protection conferred by passive immunization  did not cor- 
relate with the agglutinin titer of the sera used, as has been observed by many 
investigators in the field of bacterial immunity. The data in Table I  suggest 
however an interesting  relationship  between LDs0 dose (i.e.  virulence of the 
vibrios)  and  the  protection  demonstrable  in  a  given  experiment.  Only  one 
strain  of  V.  cholerae was used in  all  experiments  reported  here.  The  strain 
showed marked variation in virulence from one experiment to the other. The 
reason for this is not known and variability of the bacteria and/or of the ani- 
mals may be implicated. Experiments 1 to 4 (Table I) indicate that the degree 
of protection, calculated as the ratio of LDs0 values for immunized and control 
animals was proportional to the virulence of the Vibrio strain. A similar  obser- 
vation was made by Siler (5) and Burrows and his coworkers (6) in studies of 
active  and  passive  immunity  in  mice.  This  relationship  between virulence 
and demonstrable protection, if true, would lend an added degree of significance 
to the results obtained with passive intraperitoneal  immunization  (Table I). 
The  LDs0 doses in  these  experiments  were sufficiently  small  to  justify the 
assumption that even a relatively low degree of protection, if present, would 
have become noticeable, 
If the present findings on immunity in guinea pigs can be assumed to reflect 
certain  aspects  of  the  immune  mechanism  to  enteric  infections  in  man  (a 
rather  far reaching  but not entirely improper comparison),  they might  pro- 
vide a  reasonable explanation for some of the disappointing results obtained 
by various investigators studying the effect of active immunization on cholera 
and dysentery in human populations or volunteers (7, 8). Very little is known 
about  the  level  of  coproantibody obtained  in  human  beings  by the  usual 
methods for prophylactic immunization.  Even if sufficient initial coproantibody 
titers could be expected, the lack of protection observed in many field studies 
might  still  be  explained  by  the  fact  that  coproantibody  disappears  rather ~orr  Fm~g  425 
soon after immunization. The majority of spontaneous infections of immunized 
human beings recorded in such studies occurred later than 3 to 5 weeks after 
immunization; i.e., at a  time when the amount of coproantibody had  prob- 
ably declined to a  fraction of its peak titer (4). Excessively low virulence of 
the bacterial strains used in challenge infections of immunized human volun- 
teers might also be a factor that would prevent the detection of any protective 
immunity present.  It  may thus  be  possible  that  other methods for  active 
prophylactic  immunization of  human  beings,  directed  at  maintaining high 
levels of coproantibody, would give more favorable results. 
The studies on vibrio  counts in intestinal fluids indicate that  the growth 
of vibrios was not noticeably inhibited in immunized animals, thus confirming 
the results previously reported  (2).  The conclusion must therefore be drawn 
that active and oral passive immunization had little or no antibacterial effect 
even though an appreciable degree of protective immunity could be demon- 
strated. These findings could conceivably be explained on the basis of a largely 
antitoxic effect. The antisera used  did not have any antimucinase activity, 
and the suspected antitoxic mechanism might therefore be a mere combining 
of antibody with endotoxin which would prevent or retard absorption of the 
latter from the intestine. 
The protective  effect of oral passive immunization was most pronounced 
at  24  hours after infection and  declined later.  This might indicate neutral- 
ization or destruction of antibody in the intestine. Previous observations (1) 
suggested  that  active immunization did not have  these limitations in  time. 
This difference, if true, might be attributed to either larger amounts or different 
kinds of antibody present after active immunization. This problem is currently 
under investigation.  The  last  experiment in Table  I  illustrates marked re- 
sistance to fatal cholera as a consequence of introducing E. coli into the intes- 
tinal tract. In contrast to oral passive immunization, coli strain 25 rs exhibited 
the most pronounced protective effect in later stages of the infection, a pattern 
which might be expected to occur with a self-propagating antibacterial agent. 
s~Y 
Passive oral immunization with O-antiserum was found to protect guinea 
pigs against fatal enteric cholera. The number of vibrios recoverable from the 
intestines of infected animals was not noticeably reduced by active and oral 
passive immunization. 
Passive immunization by the intraperitoneal route was not protective even 
though high titers of circnlating antibody were obtained shortly after injection. 
Oral administration of H-antiserum also had no protective effect. 
Introduction of E.  coti into the intestinal tract increased the resistance of 
guinea pigs to fatal enteric cholera. 426  COPROANTIBODY  AND BACTERIAL ANTAGONIS~ IN CHOLERA 
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